Chemical modification of the histidine residues of purified hepatic cytochrome P-450: influence on substrate binding and the haemoprotein spin state.
A hepatic cytochrome P-450 isolated in an electrophoretically homogeneous form from phenobarbital-treated rats, exists predominantly in the low spin configuration (82% at 20 degrees C). The addition of saturating amounts of the substrate benzphetamine to this haemoprotein shifted the spin equilibrium to the high spin form, resulting in a doubling of the spin equilibrium constant from 0.220 to 0.539 at 20 degrees C. The histidine residues of this low spin, substrate-free cytochrome P-450 were modified in a time- and concentration-dependent manner with diethylpyrocarbonate, and progressive histidine modification resulted in a decrease of both the affinity and extent of substrate interaction with the haemoprotein. Although the histidine-modified haemoprotein maintained the capacity to undergo a temperature-dependent spin transition of the haem iron in the presence of saturating amounts of substrate, this capability was substantially decreased in comparison to the unmodified cytochrome. These results indicate that a histidine residue(s) is involved in the binding of substrate to cytochrome P-450 and hence interferes with the substrate-bound spin equilibrium. Our results further imply that histidine is probably not the sixth ligand of the substrate-free ferric form of the rat liver cytochrome P-450.